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Stock cultures of all organisms used were grown on Bacto­
Nutrient Agar. This medium was also used in the poured plates for 
the plate counts. Media were adjusted to pH 7.2. A synthetic basal 
medium was llsed for the growth of the organisms during the experi­
ments. Five cc. amounts of this medium were tubed and sterilized, 
and the vitamin solutions were added aseptically when desired. For 
certain organisms, additional nutrients were necessary to maintain 
growth. Proteus vulgaris required cystine, glutamic acid, and nicotinic 
acid; Bacillus subtillis required cystine and glutamic acid. 
1 A portion of a thesis submitted in partial fulfillment of the requirements 
for the Master of Science degree in the Division of Graduate Instruction, 
Butler University. 
THE EFFECT OF LARGE AMOUNTS OF CERTAIN 
VITAMINS OF THE B GROUP ON THE GROWTH 
RATE AND MORPHOLOGY OF CERTAIN BAC­
TERIAl 
lvIETHODS AND MATERIALS 
By ALleE JEANNE GILLUM 
From the general literature on the subject of growth stimulants, it 
appears that large amounts of any growth stimulant will eventually 
cause a retardation of growth. The purpose of this study was to 
see what effects high concentrations of some of the vitamins of the 
B group have on the growth rate and morphology of a few of the 
common types of bacteria. 
The few available papers dealing with vitamins of the B group 
are concerned with large amounts of nicotinic acid or nicotinamide. 
Kosar and Kasai (1) report marked retardation of growth when using 
3,000, 5,000, and 10,000 gamma/ml of nicotinic acid and nicotinamide. 
Dorfman et a1. (2) reported retardation of dysentery bacilli by con­
centrations of 3,000, 5,000, and 10,000 gamma/ml 'of nicotinic acid. 
Other papers reporting similar retardations of growth with use 
of large amounts of nicotinic acid or nicotinamide are those of Koser 
and Baird (3) and Moller and Birkofer (4). Smaller amounts were 
found by Rosenfeld and Greene (5) to inhibit growth of Leptospira. 
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The preparation of the basal medium and additional nutrients IS 
as follows: 
Basal Medium (Koser and Kasai). 
(NH.)2HPO•..................... 2.0 grams 
KH 2PO. 1.5 grams 
NaCI 5.0 grams 
lVIgSO. . 0.1 gram 
Glucose 5.0 grams 
DistiUed water 1,000.0 mI. 
pH 6.8 to 6.9 after autoclaving; must be readjusted 
after adding large amounts of nicotinic acid. 
The following are added for Proteus vulgaris and Ba.cillus subtilis 
cultures: 
Cystine 0.024 mg/ml
 
Glutamic acid .. . . . . . . . . . . . . . . . .. 1.0 mg/m1
 
For Proteus vulgaris cultures: 
Nicotinic acid 1 gamma/ml 
Vitamins 
The following vitamins were supplied, III pure form, by the Eli 
Lilly Company of Indianapolis, Indiana: 
Riboflavin 
Nicotinamide 
Nicotinic acid 
Pyridoxine hydrochloride 
Thiamin hydrochloride 
Sterilization of Vitamins 
Maximum temperatures for heating of vitamins: 
Riboflavin 527 0 F. 
Nicotinamide 264.2-267.8 0 F. 
Pyridoxine hydrochloride 3200 F. 
Thiamin hydrochloride 230 0 F. 
Nicotinic acid 2560 F. 
Autoclave at 15 lbs 248 0 F. 
Autoclave at 0 lbs. . . . . . . . . . . . . . . . . . .. 2120 F. 
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The results of comparative tests showed no real dif ference in 
effect whether the vitamins were filtered or autoclaved (including 
intermittent sterilization). The vitamins were sterilized in dry form 
in the autoclave at correct temperature and pressure. Distilled water 
was boiled and autoc!aved at 15 lbs. pressure for 20 minutes. The 
final pH of the distilled water was pH 7.0. Each vitamin was then 
dissolved in the previously prepared distilled water to give a specific 
concentration per m!. The correct amount of the vitamin-water solu­
tion was added to the tubed basal medium to give the concentrations 
desired. 
PROCEDURE 
.31 
Comparative tests showed the addition of largest amount of dis­
tilled water used in making proper concentration 0 f vitamin had no 
ef fect on growth rate or morphology. 
EXPLANATION OF THE NUMBERS USED IN THE TABLES 
The procedure followed in all experiments is as follows: 
I. A 24-hour basal medium culture of the organism was obtained 
from a pure culture agar slant. All organisms used were Butler 
University stock cultures. 
2. One loopful of this 24-hour basal medium culture was in­
oculated to each tnbe of basal medium. 
3. The proper concentration of the vitamin was added to each 
tube. 
4. Incnbation at 370 C. (for all except Bacillus subtilis, which 
was incubated at 300 C.) for 16,24,48, and 72 hours. 
5. Agar plates were poured for 16, 24, 48, and 72 hour counts. 
Dilution method was necessary in the case of high counts. 
6. Slides were made at 16, 24, 48, and 72 hour intervals. Stain­
ing time was 10 minutes. 
7. Agar plates read by means of a Quebec "Dark Field" counter 
after 24 and 48 hours of incubation at 37° C. (30° C. for Bacillus 
Sltbtihs) . 
8. The actual count was recorded and descriptions of the slides 
made in a record book . 
The plate count method was used to estimate the count per ml of 
the basal medium. 
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The desired end was to obtain an estimate of the trend of growth 
rather than an actual recording of figures. For this reason, a con­
version scale of from °to 100 was set up with each step interval equal 
to 40,000,000 cells, i.e., °means from 1 to 40,000,000 cells; I means 
from 40,000,000 to 80,000,000 cells; 2 means 80,000,000 to 120,000,­
000 ; etc. Thus, the higher the conversion scale figure, the higher the 
actuaL count. Growth rate was recorded on the charts in numbers of 
from °to 100 except where no growth occurred (recorded as NG). 
In this manner, all major changes in growth rates were shown without 
the confusion of large figures. 
RESULTS 
The general trend found with all vitamins used is that of increas­
ing retardation of growth rate with an increase of vitamin concentra­
tion from the"I,OOO gamma/ml level to the 10,000 gamma/ml level. 
There is a considerable tolerance to high concentrations of vitamins. 
A concentration of 1,000 gamma/ml showed a relatively low degree 
of effect on growth rate or morphology, while a concentraticm of 
10,000 gamma/ml showed a maximum inhibition of growth and 
changes in morphology. The cells became swollen, granular, or 
beaded in appearance, taking the stain very faintly. 
Total inhibition of growth occurred in the following cases: nico­
tinamide llsed with P. vulgaris and Ps. a,eruginosa (table 5)1 at the 
10,000 gamma/ml level; nicotinic acid (table 6) used with P. vl,dgaris 
at the 10,000 gamma/ml level; pyridoxine hydrochloride (table 7) 
used with P. vulgans at the 5,000 and 10,000 gamma/ml level in the 
72-hour growth phase and with Ps. aeruginosa, at the 3,000, 5,000 and 
10,000 gamma/ml level; and thiamin hydrochloride (table 9) used 
with Ps. aeruginosa. at the 10,000 gamma/ml level. 
Cultures which have a conversion scale reading of ° (definite 
inhibition but not total inhibition) are more numerous than those 
showing nO growth. The °figure is found in the following cases: 
nicotinamide (table 5) : with P. vulgaris at the 1,000, 3,000, and 5,000 
gamma/mllevel in the 16-hollr phase of growth and also for the 5,000 
gamma/ml in the 24-hour phase of growth; nicotinic acid (table 6) : 
with P. vulgaris at the 3,000 and 5,000 gamma/ml in the 16-hour 
, Table numbers are those of the original thesis and are not reproduced in the 
present paper. They are available on loan from the Butler University library. 
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phase and also for the 5,000 gamma/ml in the 24-hour phase; pyri­
doxine hydrochloride (table 7) : with B. subtilis at the 1,000 gamma/ 
ml in the 16-hour phase and for the 3,000, 5,000, and 10,000 gamma/ 
ml in all phases used, and with P. vulgaris at the 1.000 gamma/ml 
level in the 16-hour phase, at the 3,000 gamma/mllevel in the 16- and 
24-honr phases, and at tbe 5,000 and 10,000 gamma/ml level in the 
16-,24-, and 48-hour phases: riboflavin (table 8) : with P. vulgaris 
at the 1,000, 3,000, and 5.000, and 10,000 garnma/ml level in the 72­
hour phase and also for the 10.000 gamma/ml level in the 16-hour 
phase: and finally, thiamin hydrochloride (table 9) : with B. stubtilis 
at the 3,000 and 5,000 gamma/ml level in the 16- and 24-hour phases 
and at the 10,000 gamma/ml level in all phases used, with P. vulgaris 
at the 3,000 gamma/ml level in the 16- and 24-hour phases and at 
5,000 and 10,000 gamma/ml levels in all phases, and with Ps. aerugin­
osa at the 5,000 gamma/ml level in the 16-hour phase. 
In many cases the initial inhibition at a certain concentration of 
vitamin will be almost overcome by the time the 72-hour phase is 
reached. Reference may be made to the following cases: nicotina­
mide with P. vulgaris and Ps. aeruginosa (table 5) ; nicotinic acid 
with P. '/-'tt/garis (table 6) ; pyridoxine hydrochloride with B. subtilis 
and P. vulgaris (table 7) ; riboflavin with Ps. aeruginosa (table 8) ; 
and thiamin hydrochloride with B. su.bt·ilis, E. coli, and Ps. ael'uginosa 
(table 9). 
In certain cases the growth at a later growth phase will be lower 
than at the early growth phases. For example, riboflavin with B. 
subtilis and P. vulgan:s, (table 8). Riboflavin is very difficult to keep 
in solution in the amounts used and this may have some bearing on 
the resu Its. 
All organisms used in this experiment need no preformed vitamins 
(according to latest available data) except P. vulgaris, which must 
have nicotinic acid for growth. In spite of this, some organisms 
showed increased growth at higher concentrations of the vitamins . 
For example, nicotinamide with B. subtilis at the 10,000 gamma/ml 
level in 72 hours (table 5) ; nicotinic acid with Ps. aeruginosa at 1,000 
gamma/mllevel in 24 hours (table 6) ; riboflavin with B. subtilis at 
the 1,000 gamma/ml level in all growth phases and at the 3,000 
gamma/ml level in the 16-, 24-, and 48-hour phases, with E. coli at 
1,000, 3,000, and 5,000 gamma/ml in the 48-hour phase, with Ps. 
aeruginasa at the 1,000,3,000 and 5,000 gamma/tnllevels in the 16­

, hour phase (table 8) ; and thiamin hydrochloride with B. subtilis at
 
the 1,000 gamma/mllevel in the 16- and 24-hour phases, with P. vul 

garis at the 1,000 gamma/ml level in all growth phases (table 9) . 
In a few cases the growth rate went up for several growth phases 
and later came down again as in the case of riboflavin with B. subtilis 
and P. vulgaris in table 8. B. subtilis (table I) appeared to be most 
sensitive to pyridoxine hydrochloride and thiamin hydrochloride. This 
organism seemed to be feast sensitive to nicotinic acid and nicotina­
mide. Riboflavin was intermediate in effect. 
E. cali (table 2) was most sensitive to nicotinamide and pyridoxine 
hydrochloride. Riboflavin affected this organism the least. while 
thiamin hydrochloride and nicotinic acid had a somewhat intermediate 
effect. P. ~'u.lgaris (table 3) was most sensitive to nicotinamide and 
nicotinic acid. Thiamin hydrochloride and pyridoxine hydrochloride 
caused a considerable effect, also. Riboflavin caused the least effect. 
Ps. aeruginasa. (table 4) was most sensitive to pyridoxine hydro­
chloride with nicotinamide and thiamin hydrochloride causing a con­
siderable effect. Riboflavin was the intermediate in effect, and 
nicotinic acid caused the least effect. 
In order of decreasing inhibition, the vitamins affected the organ­
isms in the following manner: (table 5) nicotinamide: Ps. seruginasa, 
P. vulgaris, E. cali, and B. subtilis; (table 6) nicotinic acid: P. VHI­
garis, E. coli, Ps. aeruginosa, and B. subtihs; (table 7) pyridoxine 
hydrochloride: Ps. aeruginasa., P. vulgaris, B. subtilis, and E. coli; 
(table 8) riboflavin: P. vulgar'is, B. subtilis, Ps. aeruginosa., and E. 
coli; and table 9) thiamin hydrochloride: Ps. aeruginasa, B. subtilis, 
P. vulgaris, and E. cal-i. 
These foregoing comparisons of relative ef feet were made on a 
rough basis, taking into account the amount of growth at the a level of 
concentration as compared with the 10,000 gamma/ml concentration. 
Taking a broad view, Ps. aerz,ginasa. and P. vulgaris seemed to be more 
sensitive to the vitamins used in this experiment than did E. coli and 
B. subtihs. Pyridoxine hydrochloride and thiamin hydrochloride 
seemed to cause more inhibition, in general, than the other vitamins 
used. 
As reported by Koser and Kasai (I), P. vulgaris needs nicotInIC 
acid for growth. Initial experimentation, using the basal medium 
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DISCUSSION 
In the case of riboflavin with B. subtil-is and of thiamin hydro­
chloride with P. vu.lgaris, the 1,000 gamma/ml concentration showed 
more growth than the 0 concentration even through the 72-hour 
growth phase. In severa! other cases, the initial growth rate seemed 
to be greater with the 1,000 gamma/m! concentration than with the 
o concentration, but this difference was overcome by the 72-hour 
growth phase. In the 10,000 gamma/ml concentration of nicotina­
3S 
Considering the minute amounts 01 the vitamins which are Heeded 
for optimal growth. it is rather surprising to find such a tolerance to 
high concentrations. 1,000 gamma/ml has really little effect on 
growth rate or morphology. Concentrations of 3,000, 5,000. and 
10,000 gamma/m! must be reached before growth is retarded to any 
degree. A concentration of 10,000 gamma/ml seems to cause the 
most marked inhihition, many times causing complete inhibition of 
growth. 
It will be noted that any initial difference in growth rate between 
the °and 1.000 gamma/mt concentrations tends to he overcome in 
later growth phases. This is also found in some of the 3,000 gamma/ 
ml concentrations and less often with the 5,000 gamma/ml concentra­
tions. In the 10,000 gamma/m! concentration the initial difference 
in growth rate is rarely overcome. 
plus cystine and glutamic acid in the required amounts (see Methods 
and Materials) when attempting to culture P. vulgaris, failed. Addi­
tion of 1 gamma/ml of nicotinic acid to the basal medium mentioned 
above supported growth quite well. The other organisms used grew 
well in the basal meditim without the addition of preformed vitamins. 
In order to check the effect of large concentrations of vitamins 
upon the morphology of the cells, slides were made from all concen­
trations at each growth phase. On examination of the slides, it was 
found that the cultures which were inhibited in their growth by the 
excessive amounts of vitamin showed, on staining with crystal violet. 
swelling and irregular staining ("beaded" staining, faint staining and 
the like). This irregularity appeared mostly in the 10,000, somewhat 
in the 5,000. and rarely in the 3,000 gamma/ml concentration. The 
1,000 gamma/ml concentration appeared to show none of the irregu­
larities of staining or shape. 
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It should be remembered that the environmental conditions of this 
experiment are rather unbalanced. The cells are supplied large doses 
of one vitamin while others must be synthesized. Koser and Kasai 
(1) noted that, in the case of large amounts of nicotinic acid and 
nicotinamide with casein hydrolyzate, the inhibition was less marked. 
The same authors also found that yeast extract would nulli fy the 
effects 0 f large amounts of nicotinic acid and nicotinamide. This 
could very well be the case with the other vitamins used in this experi­
ment as it is well known that, when the environmental conditions are 
less satisfactory, multiplication is difficult and slow, and that changes 
in the form of bacteria may take place (swelling, faint staining, and 
granulation) . 
Hypothetical explanations of the inhibitory effects found in these 
experiments must surely rest on cellular physiology. It has been 
suggested in the general literature on cell physiology that alteration 
in the supply of growth factors will generally have decided repercus­
sions in regard to cell metabolism. Cellular metabolism, depending 
as it does on a series of enzyme systems, is of necessity affected by 
factors which af fect enzymes. Also, enzymes, being protein com­
plexes, are chemically and physically unstable and sensitive to those 
factors to which protein complexes are sensitive, such as excessive 
concentration of any component of the substrate. Stated in another 
way, we might say that the actual effectiveness of the inhibitor corre­
sponds to its ability to interfere with a chain of synthetic reactions in 
the cell. So we might conceivably imagine an essential metabolite 
which stimulates growth at certain levels for certain organisms, be­
coming, in a sense, an "anti-metabolite" when it reaches higher levels 
of concentration. "Anti-metabolite" is used here not in the strict 
chemical sense of a structural analogue but in the broader sense of 
any substance acting against normal metabolic processes. Viewed in 
this light. it does not seem so surprising that a growth stimulant. such 
as a vitamin, when used in large concentrations, should become a 
growth inhibitor. In fact, it is surprising to find a tolerance to such 
high concentrations of vitamin. For instance, 0.1 gamma/ml of 
nicotinamide is said to be sufficient for optimal growth of P. vulgaris 
(Koser and Kasai (1) while complete inhibition of growth in this 
experiment did not take place until 10,000 gamma/ml was reached. 
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All organisms used were known to grow in the basal medium 
without the addition of preformed vitamins, except P. vulgaris which 
needs nicotinic acid to support growth. In spite of this fact, some of 
the organisms did show apparent growth stimulation at higher con­
centrations of vitamins. The probable explanation of this behavior 
is the fact that these are undoubtedly different strains of the organ­
isms than those for which the original nutritional requirements were 
worked out. Koser and Kasai (I) report that different strains of 
P. vu.lgaris proved to have different sensitivity to large amounts of 
nicotinic acid and nicotinamide. The fact that in most cases no vita­
min was used in the first series and 1,000 gamma/ml of vitamin was 
used as the first concentration would tend to mask the actual con­
centration at which growth was stimulated. In the cases, where 
there was apparent growth stimulation at higher than 1,000 gamma/ml 
level and at sporadic time intervals, some other factor may be respons­
ible for the increased growth shown. Of course, in using the plate 
count method, one must always take into account the inherent error 
of the method when sporadic differences of growth occur, even when 
these are average plate counts. In other words, even using a conver­
sion sCc,le which tends to minimize such inherent error and even when 
using an average of several experiments, the factor of inherent error 
in the plate count and in the procedure in general still remains. How­
ever, in spite of these unavoidable errors, the results are reliable 
enough to give us a general trend of growth rate. 
I t is of importance to note what other workers have found in the 
few available reports in comparison to the results obtained in this 
paper. All of the reports deal with nicotinic acid and nicotinamide. 
For P. 7Julgar£s, Moller and Birkofer (4) found that nicotinic acid 
caused marked reduction of growth or complete inhibition at 0.2 to 
0.26 molar (about 30,000 gamma/ml level) concentrations and nico­
tinamids at 0.056 to 0.066 molar (about 6,000 gamma/ml) concentra­
tions. Koser and Kasai (I) found that nicotinic acid caused marked 
inhibition at the 10,000 gamma/ml level and the same for nicotina­
mide. The present results show complete inhibition with nicotinamide 
at the 10,000 gamma/ml level and the same for the nicotinic acid. 
Moller and Birkofer (4) used 24- or 48-hour counts in contrast to the 
16-, 24- 48-, and 96-hour counts of Koser and Kasai (1) and the 
16-, 24-, 48-, and 72-hour counts of the present study. 
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For E. coli, Koser and Kasai (1) find markedly lower growth rate 
with nicotil.lic acid at the 10,000 gamma/m1 level and very little growth 
with nicotinamide at the same level up through the 48-hour phase. 
The present study shows lower growth rate with nicotinic acid at 
10.000 gamma/mllevel and a markedly lower growth rate with nico­
tinamide at 10,000 gamma/ml level at all time intervals. 
For B. subtilis, Koser and Kasai (1) found inhibition for the 
16-hour phase at 1,000 gamma/ml and for longer intervals at the 
10.000 gamma/ml level. This is for both vitamins. The present 
study shows B. s~~btilis not to be so sensitive to either vitamin. 
The other reports mentioned above reported estimates of com­
parative growth on the basis of turbidity rather than by actual plate 
count, hence more detailed comparison of the findings can not be 
made. 
CONCLUSIO~S 
1. In low concentrations, certain vitamins of the B group have 
little effect on Ps. aer1-l.ginOSG, B. subtilis, or E. coli. 
2. Small amounts of added nicotinic acid have a stimulating ef­
fect on P. 'l/ulga.ris. 
3. lVIassive doses of certain vitamins of the B group have a re­
tarding effect on growth for the organisms used. 
4. There is increasing retardation of growth rate with an in­
crease of vitamin from the 1,000 gamma/ml concentration to the 
10,000 gamma/ml concentration when the cultures are grown in a 
synthetic medium. 
5. When there is marked inhibition of growth, the cells become 
swollen, granular, or beaded and take the stain very faintly. 
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